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Abstract- Focusing incoming coherent light to infinitesimally small spot with hologram and micro-sized aperture configuration reported. The 
design uses the optical Fourier transform in far field with Fraunhofer approximation. 
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1. INTRODUCTION 

Lenses have been used in various applications: from 
astronomy to lithography. In some of the applications such 
as laser micromachining [1] and optical tweezers [2], the 
maximum intensity over area, the focal spot, is vital. Due to 
the aberrations of lens, the focus is not a singular point, so 
that the refracted waves after lens achieve some other points 
around focus [3]. Furthermore, the minimum spot size is 
limited, which is expressed by Rayleigh range [4]. 
By different approaches, this problem had tried to be solved. 
Negative refraction makes possible to focus with less 
aberration [5]. Dielectric properties of materials employed by 
[6], which uses silver as a layer, can achieved to overcome the 
limit. 
An interesting approach to obtain the small focal spot uses 
nano scaled  cones that are bounding intensity distribution 
under limit [7]. Micro-scaled slits drilled on metal screens 
gave also another way to access smaller spots [8]. Nano 
holes, which uses the idea of slits creates perfect focusing [9]. 
Nano-scaled diffraction elements which are having periodic 
nano structures on surface [10,12] are performing far better 
optical transformations than lenses. Photon sieve, which is 
having many-pinhole structure [11] is another diffractive 
element, which is sharing the success of other discussed 
methods. 
In this paper, a simple configuration presented to obtain an 
infinitesimal focal spot, which constrains to pass the abilities 
of current techniques. As it can be seen in the next step, 
artificially created wavefront via hologram enters to an 
optical Fourier transform by the help of micro-scaled 
aperture, which holds Fraunhofer approximation. 
 

2. THEORY 
Impulse response function in free space propagates with the 
transfer function [3]: 

              
         

  
  

 
where                        . Here,   is the wavelength 
and   is the covered distance of propagating wave in z 
direction. This is the Fresnel approximation. For a given 
input, f, the output, g, can be obtained by the convolution of 
input and free space transfer function: 
 

                                  

 

  

 

This gives: 
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With Fraunhofer approximation [3]: 

    
 

  
                 

  

  
     

      (2) 
In approximation (2),          is the Fresnel number and a 
is the aperture size. After now, f will be considered as a 
window (aperture), which transmits the incident wave. 

Taking the remaining quadratic terms outside of the integral, 
Equation (1) becomes: 
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and diffraction pattern is: 

            
 

  
 

 

   
 

  
 
 

  
  

 

 

(4) 
Equations (3) and (4) give the Fourier transform of input as 
output. Another vital point to divulge is the meaning of      : 
The integral in Equation (1) is in the form of Fourier 
transform, after using the relation (2). The argument of 

exponential function,                ,  is simply        

     .    and    are spatial frequncies. 

Equation (4) gives two important clues to confine intensity 
into an infinitesimal small field: 

1. The aperture should too much small against the 
total distance (d) to output plane (Relation (2) 
already pointed this out). 

2. The input f function should be something whichs 
Fourier transform converges to a single point. 

The nano-scaled apertures used in [8,9,10,11,12], achieved to 
surpass diffraction limit, which uses the implication 1. On the 
other hand, obtained diffraction patterns at the output plane 
have side lobes. For example, rectangular aperture has a 
Fourier equivalent as a sinc function [3], or for circular 
aperture, the output is airy pattern [3]. 
Second point gives an idea to have an aperture, whichs 
spectral transform is simply a Dirac-delta function. This 
could be obtained by using a Computer Generated Hologram 
(CGH) before aperture, so this composition of hologram and 
aperture holds the desired output. The setup is simply 
illustrated in Figure 1. 
 

 
Figure 1 Illustration of Configuration- Recorded wavefront decoded by 
reference wave and aperture makes the transform. 

 
To have                    after Fourier transform, the 

hologram should give                   as output, while 

   is the frequency that centers   in spectral axis.  
The hologram equation is [13]: 
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Equation (5) is mathematically expressing intensity of 
interference of reference wave (  ) and desired wave ( ), 
which are having (x,y) spatial coordinates. This intensity 
pattern (  ) encoded by help of the equation and in Figure 2, 
the obtained is shown. 

 
Figure 2 Computer Generated Hologram- Consists of the cosine by 
using Equation (5).     and     are determining the spacing between extrema. 

This relatively simple pattern of hologram provides ease, while obtaining  , the 

object wave (                 ).  

 

To decode the desired wavefront from the hologram, 
reference wave illuminated the CGH. This gives the following 
pattern [13]: 
 

                         

(6) 
Three terms appeared in Equation (6) as output (  ), which 
are background illumination (     ), the desired wavefront 

(      and its conjugate (     ). t is the transmittance 

coefficient of the holographic film, while    and     are the 
intensities of reference and object (desired) wavefront 
respectively.  
Not mentioned, but an important question should be 
answered: How good CGH produces an output, which is 
limited by means of resolution? Surely, the hologram will 
consist of discrete points (pixels), which means that its 
output will be discontinuous. As pointed out in [14], 
nevertheless, the obtained wavefront after hologram 
becomes continuous by diffraction.  
Another fuzzy point is the selection of   . Length of aperture 
  will be in micrometer unit, thus, the change of phase of 
wavefront would be negligible in that scale. So,    should be 
selected in a way that from one pixel to another, the change 
would be accounted. Fortunately, the desired wavefront as 
output has a linear phase distribution (         ).  
 

3. SIMULATION 
Equation (1) is used during investigation of proposed system. 
The aperture is taken as square with size of 1     and 
wavelength is 600 nanometer. For simplicity, the 
convolution performed by the help of Fourier transform with 
zero-padding. Convolution in spatial frequency domain 
becomes multiplication and inverse Fourier transform, 
afterwards, gives the output plane. Intensity patterns 
immediately after aperture and after 1 centimeter (d) are 
shown in Figure 3. 

 
(a) 

 
(b) 

Figure 3 Intensity Patterns- Immediately after aperture (a) and 1 
centimeter later (b). It is important to emphasize that during simulation, the 
resolution kept lower to see the focal spot at (b).  

 

Two noteworthy results should be accentuated: Output in 
Figure 3.a is solely in the form of sinc function, due to 
diffractions at the edges and after 1 centimeter, it would be 
hard to see something at output plane, unless the resolution 
kept lower, during simulation.  
  

4. CONCLUSION 
Confining the intensity inside infinitesimally small point 
discussed. Simulation performed gave the expected result 
that justifies the proposal. One drawback is the wasted 
power. After hologram, nearly the square root of the total 

power (    ) used, according to Equation (6). Another cut 

comes after the exit of aperture, since it only transmits small 
portion of wavefront. 
Although this power dissipation. By the use of lithography, a 
phase mask with higher resolution can be implemented. 
Nevertheless, this quarter-cut pyramid structure (     
    ) is relatively hard to implement in nano scale, that is 

because the hologram used which has so simple pattern as 
seen in Figure 2. 
Possible applications would be laser direct writing, 
lithography, microscopy, optical tweezers. Consequently, 
with the proposed method, better apertures as phase masks 
can be fabricated on glass, which can power efficiently 
focusing. 
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